This study aimed to (1) identify differences in sleep behaviors, sleep quality, pre-sleep arousal and prevalence of insomnia symptoms in adolescents with chronic pain compared to a healthy age and sexmatched cohort and (2) examine pain intensity, pubertal development, depression, and pre-sleep arousal as risk factors for insomnia symptoms. Participants included 115 adolescents, 12-18 years of age (73.0% female), 59 youth with chronic pain and 56 healthy youth. During a home-based assessment, adolescents completed validated measures of pain, sleep quality, sleep hygiene, pre-sleep arousal, depressive symptoms, and pubertal development. Findings revealed a significantly higher percentage of adolescents with chronic pain reporting symptoms of insomnia (54.2%) compared to healthy adolescents (19.6%), p < .001. Youth with chronic pain also reported higher cognitive and somatic arousal at bedtime, and lower sleep quality compared to the healthy cohort. In a logistic regression, two factors emerged as significant predictors of insomnia, having chronic pain (OR = 6.09) and higher levels of cognitive pre-sleep arousal (OR = 1.24). Level of pain intensity did not predict insomnia. While sleep disruption may initially relate to pain, these symptoms may persist into a separate primary sleep disorder over time due to other behavioral and psychosocial factors. Assessment of insomnia may be important for identifying behavioral targets for the delivery of sleep-specific interventions to youth with chronic pain. Ó
Introduction
Sleep problems are frequently reported by children and adolescents with chronic pain [2, 3, 18, 19, 30, 34] . Pediatric insomnia, a sleep disturbance of particular interest, includes difficulty falling asleep, frequent night wakenings, and early morning awakenings [28] . Specific estimates of insomnia are available in several studies. For example, among children referred for limb pain, 54% reported insomnia symptoms [16] . In another small pilot study, over half of adolescents with mixed chronic pain conditions had difficulty falling asleep or maintaining sleep compared to 10% of healthy adolescents [25] . Importantly, in adolescents with chronic pain, insomnia has been associated with lower quality of life and increased functional limitations [16, 25] , suggesting that the consequences of insomnia may be far-reaching in this population. No studies, however, have specifically identified behavioral or psychosocial factors associated with insomnia symptoms in youth with chronic pain, limiting our ability to intervene with potentially modifiable factors.
Adolescents have been the focus of increasing study over the past few decades to better understand their sleep demands, patterns, and bioregulatory processes [5, 8] . Adolescents often do not get enough sleep and have inconsistent and delayed sleep patterns, significant daytime sleepiness, and higher rates of insomnia compared to younger children [32, 38] . Therefore, we chose to focus on an adolescent sample in the present study and to measure behavioral and psychosocial factors which are found to relate to sleep disturbances in previous studies on adolescent sleep.
Specifically, we assess several behaviors and processes that are important in the adult literature on insomnia [14] and are emerging as important in characterizing sleep in the child and adolescent population [13] , sleep habits and pre-sleep arousal (somatic and cognitive arousal present at bedtime). In otherwise healthy youth, pre-sleep arousal, particularly cognitive arousal, has been found to relate to sleep disturbances [13] . Because laboratory studies have demonstrated that adolescents experience a delay in the timing of their sleep during puberty [6, 7] , pubertal development was also considered [1, 15] . Finally, previous work in youth with chronic pain has identified depressive symptoms as an important predictor of sleep disturbance [25] .
